A Novel Temperature-Insensitive Hydrostatic Liquid-Level Sensor Using Chirped FBG by Vorathin, E. et al.
IEEE SENSORS JOURNAL, VOL. 19, NO. 1, JANUARY 1, 2019 157
A Novel Temperature-Insensitive Hydrostatic
Liquid-Level Sensor Using Chirped FBG
E. Vorathin, Z. M. Hafizi, A. M. Aizzuddin, M. K. A. Zaini, and K. S. Lim , Member, IEEE
Abstract—A novel half-bonded chirped fiber Bragg grating on a natural rubber diaphragm has been proposed to enhance the 
sensitivity and to compensate the temperature effects of a hydrostatic liquid-level sensor. This innovative fabrication method is 
resulted in the narrowing of the bandwidth with the hydrostatic pressure sensitivity recorded at −253 pm/kPa and water column 
sensitivity at −0.0253 nm/cm. The band-width modulation measurement was insensitive to temperature variations when compared 
with center wavelength modulation measurement. Furthermore, the proposed hydrostatic liquid-level sensor is compatible with a 
low-cost photodetector.
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I. INTRODUCTION
major disadvantage, where the relative Bragg wavelength shift
is sensitive to both the liquid level induced hydrostatic pressur-
ized strain and environmental temperature concurrently. Thus,
an essential temperature compensation technique is required
to compensate the temperature for more accurate liquid level
measurement.
Over the years, various temperature insensitive liquid
level sensors have been investigated and reported. Spe-
cial sensors [6]–[9] fabricated by joining multiple fibers
through splicing is capable in achieving very high sen-
sitivity. Yunshan et al. [6] developed a multimode fiber
(MMF)+hollow core fiber+FBG and obtained liquid level
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sensor that is screwed to the tank from the outside is more
practical. This liquid level sensor senses the water column
through hydrostatic pressure, which is directly proportional to
the height of the liquid.
To date, several metallic diaphragm pressure transduc-
ers [20]–[27] have been reported. Recently, Liang et al. [21]
utilized a sensing FBG to measure the pressure change while
a reference FBG was used to compensate the temperature
variations. The use of 17-4PH stainless steel diaphragm led
to sensitivity at 0.0357 pm/kPa. Liang et al. [22] utilized
two FBGs bonded on two sides of a 304 stainless steel
diaphragm-cantilever structure and obtained a temperature
insensitive pressure sensitivity at 0.34 pm/kPa. The use of
high Young’s modulus diaphragm resulted in low pressure
sensitivity. In addition, two FBGs are needed to compensate
the temperature effects. Allwood et al. [28] bonded an FBG
to a low Young’s modulus rubber diaphragm and retrieved
a highly sensitive pressure sensitivity at 116 pm/kPa. How-
ever, the use of a single uniform FBG based on the center
wavelength modulation technique is susceptible to temperature
effects.
Thus, this paper reports a hydrostatic liquid level sensor
to measure the water column and the hydrostatic pressure
based on the use of CFBG and natural rubber diaphragm.
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